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ABSTRACT 
 
 
 
 
The existence of toxic nitrate (NO3
-
) and nitrite (NO2
-
) ions above the permissible 
level causes environmental pollution and human health hazard.  Therefore, many studies 
have been carried out to improve sensitivity and selectivity of sensors for the ion detections.  
In this study, polyvinylpyrrolidone (PVP), graphene oxide (GO), and polyvinylpyrrolidone-
graphene oxide (PVP-GO) were prepared, characterized, and tested for their ability to detect 
nitrate and nitrite ions.  A series of PVP with concentration of 1-10% was prepared by 
dissolvation in deionized water.  The PVP has –C=O and –N–C sensing sites, with excitation 
wavelength of 285 nm and 330 nm and emission wavelength of 408 nm and 410 nm, 
respectively.  All the PVP sensing materials showed greater sensitivity towards nitrite than 
nitrate.  It was found that 7% PVP showed the best sensitivity for the analytes detection at 
both sensing sites.  Nitrate preferred the –C=O site, while nitrite preferred the –N–C site.  
The selectivity tests demonstrated that 7% PVP gave great selectivity towards analytes even 
in the presence of SO4
2-
, HCO3
-
, or Cl
-
, but not OH
-
 ion.  The high interference from OH
-
 
could be due to hydrogen bond formation.  Computational simulation for PVP and analytes 
was investigated using B3LYP/6-311G(d,p).  The simulation studies revealed that PVP 
formed greater interaction with nitrite than nitrate.  Characterization results showed that the 
GO was successfully prepared by the improved Hummers’ method.  GO showed greater 
sensitivity for the detection to nitrite than nitrate in the range of 0-100 mM.  Selectivity tests 
found that GO showed great selectivity tawards analytes even in the presence of SO4
2-
 or Cl
-
, 
but low selectivity in the presence of HCO3
-
 or OH
-
 ion, due to the formation of hydrogen 
bond.  Simulation results demonstrated that GO formed greater interaction with nitrite 
compared to nitrate.  The high binding energies between hydroxyl or carboxyl site and the 
analytes showed that they might be the possible sensing sites in GO.  A series of PVP-GO(x) 
composite was prepared by mixing and sonication treatment of 7% PVP (100 mL) and 
various amounts of GO (x = 0.0075-0.03 g).  The characterizations supported the successful 
formation of the composites.  All composites showed superior sensitivity towards nitrite than 
nitrate.  Among the composites, the PVP-GO(0.01) showed the highest sensitivity for the 
detection of both analytes.  For the selectivity tests, PVP-GO(0.01) showed great selectivity 
for the detection of analytes even in the presence of SO4
2-
, HCO3
-
, or Cl
-
, but not for OH
-
 ion.  
The simulation tests exhibited that the –C=O site of PVP interacted with hydroxyl site of GO 
to form PVP-GO composite.  The PVP-GO showed greater interaction with nitrite compared 
to nitrate.  All computational results matched with the experimental results.  The addition of 
GO to the PVP was found to increase the sensitivity and selectivity for nitrate detection, but 
not for nitrite detection.  However, the composite gave better limit of detection (LOD) than 
the 7% PVP and GO.  This study showed that among all the investigated materials, 7% PVP 
was the most potential fluorescence sensor for nitrate detection with LOD of 4.00 mM at      
–C=O site, while PVP-GO(0.01) was the most potential one for nitrite detection with LOD 
of 0.26 mM at –N–C site.  Real sample testing using UTM lake water demonstrated the 
potential application of 7% PVP as a fluorescence sensor. 
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ABSTRAK 
 
 
 
 
Kewujudan ion nitrat (NO3
-
) dan nitrit (NO2
-
) yang bertoksik di atas paras dibenarkan 
telah menyebabkan pencemaran alam sekitar dan membahayakan kesihatan manusia.  Justeru, 
banyak kajian telah dijalankan untuk meningkatkan kepekaan dan kepilihan pengesan bagi 
pengesanan ion.  Dalam kajian ini, polivinilpirolidon (PVP), grafina oksida (GO) dan 
polivinilpirolidon-grafina oksida (PVP-GO) telah disediakan, dicirikan, dan diuji keupayaan 
mereka untuk mengesan ion nitrat dan nitrit.  Satu siri PVP dengan kepekatan 1-10% telah 
disediakan dengan pemelarutan di dalam air ternyahion.  PVP mempunyai tapak pengesanan         
–C=O dan –N–C, masing-masing dengan panjang gelombang pengujaan pada 285 nm dan 330 
nm dan panjang gelombang pemancaran pada 408 nm dan 410 nm.  Kesemua bahan pengesanan 
PVP menunjukkan kepekaan yang lebih terhadap nitrit berbanding nitrat.  Didapati 7% PVP 
menunjukkan kepekaan yang terbaik untuk pengesanan analit di kedua-dua tapak pengesanan.  
Nitrat lebih suka tapak –C=O, manakala nitrit lebih suka tapak –N–C.  Ujian kepilihan 
menunjukkan bahawa 7% PVP memberikan kepilihan yang baik terhadap analit walaupun 
dengan kehadiran ion SO4
2-
, HCO3
-
, atau Cl
-
, tetapi bukan ion OH
-
.  Gangguan yang tinggi 
daripada OH
-
 mungkin disebabkan oleh pembentukan ikatan hidrogen.  Simulasi berkomputer 
untuk PVP dan analit telah disiasat dengan menggunakan B3LYP/6-311G(d,p).  Kajian simulasi 
mendedahkan bahawa PVP membentuk interaksi yang lebih baik dengan nitrit berbanding nitrat.  
Keputusan pencirian menunjukkan bahawa GO telah berjaya disediakan dengan kaedah 
peningkatan Hummers’.  GO menunjukkan kepekaan yang lebih tinggi bagi pengesanan nitrit 
berbanding nitrat dalam julat 0-100 mM.  Ujian kepilihan mendapati bahawa GO menunjukkan 
pemilihan yang baik terhadap analit walaupun dengan kehadiran SO4
2-
 atau Cl
-
, tetapi kepilihan 
yang rendah dengan kehadiran ion HCO3
-
 atau OH
-
, disebabkan oleh pembentukan ikatan 
hidrogen.  Keputusan simulasi menunjukkkan bahawa GO membentuk interaksi yang lebih baik 
dengan nitrit berbanding nitrat.  Tenaga pengikat yang tinggi antara hidroksil atau tapak 
karboksil dengan analit menunjukkan bahawa kemungkinan ia adalah tapak pengesanan di dalam 
GO.  Satu siri komposit PVP-GO(x) telah disediakan dengan pencampuran dan rawatan sonikasi 
antara 7% PVP (100 mL) dan pelbagai jumlah GO (x = 0.0075-0.03 g).  Pencirian telah 
menyokong bahawa komposit telah berjaya dibentuk.  Semua komposit menunjukkan kepekaan 
yang unggul terhadap nitrit berbanding nitrat.  Antara komposit-komposit, PVP-GO(0.01) 
menunjukkan kepekaan tertinggi bagi pengesanan kedua-dua analit.  Bagi ujian kepilihan, PVP-
GO(0.01) menunjukkan kepilihan yang baik bagi pengesanan analit walaupun dengan kehadiran 
SO4
2-
, HCO3
-
, atau Cl
-
, tetapi bukan OH
-
.  Ujian simulasi mempamerkan bahawa tapak –C=O 
daripada PVP berinteraksi dengan tapak hidroksil daripada GO untuk membentuk komposit PVP-
GO.  PVP-GO menunjukkan interaksi yang lebih baik dengan nitrit berbanding dengan nitrat.  
Semua keputusan simulasi berkomputer sepadan dengan keputusan eksperimen.  Penambahan 
GO kepada PVP didapati meningkatkan kepekaan dan kepilihan bagi pengesanan nitrat, tetapi 
bukan bagi pengesanan nitrit.  Bagaimanapun, komposit memberi had pengesanan (LOD) yang 
lebih baik berbanding 7% PVP dan GO.  Kajian ini menunjukkan bahawa antara semua bahan 
kajian, 7% PVP adalah pengesan pendaflour yang paling berpotensi bagi pengesanan nitrat 
dengan LOD 4.00 mM di tapak –C=O, manakala PVP-GO(0.01) adalah paling berpotensi bagi 
pengesanan nitrit dengan LOD 0.26 mM di  tapak –N–C.  Ujian sampel sebenar menggunakan air 
tasik UTM menunjukkan potensi aplikasi 7% PVP sebagai pengesan pendaflour.   
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background  
 
 
Nitrate (NO3
-
) and nitrite (NO2
-
) are negatively charged inorganic ions that 
have high solubility in water.  Unfortunately, they are toxic and hazardous to human 
and aquatic creatures.  Both inorganic ions are the major constituents in fertilizer 
production.  Poor management in conventional agricultural practices and use of 
massive dosage of chemical fertilizer to land and crops led to the presence of 
excessive nitrate and nitrite ions in the environment.  The high level of nitrate and 
nitrite ion concentrations in the aquatic environment of agriculture area has led to 
serious environmental problems, such as eutrophication, and algae blooms 
(Moorcroft et al., 2001, Smil, 1997).  Besides, if ingested, they also cause life-
threatening methemoglobinemia (blue baby syndrome) to baby infants, abdominal 
pain and diarrhea (Hord et al., 2009, Namasivayam and Sangeetha, 2005).  In 
addition, the ingested nitrate can be converted to nitrite, a precursor for carcinogenic 
compound nitrosamines (Kyrtopoulos, 1988).  The previous reports claimed that 
nitrite is highly hazardous to human as it can impair our nervous system, spleen and 
kidney (Liu et al., 2013).  Since the presence of high level of nitrite and nitrate ions 
can cause environmental and human health problems, it is important to monitor the 
level of nitrate and nitrite ions in the environment.  To date, numerous efforts have 
been carried out to obtain excellent materials to be employed as nitrite and nitrate 
sensor.  
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Many materials have been explored for sensitive detection of hazardous 
nitrate and nitrite ions.  In 1879, Peter Griess developed an assay to detect nitrate and 
nitrite ions (Griess, 1879).  With his great effort, he successfully developed a 
sensitive and simple assay, which was able to detect nitrite directly and nitrate 
indirectly to certain sensitivity.  Since different amounts of nitrite will cause different 
absorbance, the colour observed indicate the amount of nitrite present in a sample.  
Though Griess reagent is a simple and widely used until today, the assay contains 
toxic sulfonamides reagent and yet produces toxic diamine product (Guevara et al., 
1998, Miranda et al., 2001, Sastry et al., 2002, Senra-Ferreiro et al., 2010, Wang et 
al., 2016).  
 
 
Previous studies investigated various types of metals for nitrate or nitrite ion 
detection.  For example, metal such as  silver has been employed as sensor for 
simultaneous detection of nitrate and nitrite ions (Madasamy et al., 2014, Manea et 
al., 2010).  Further, multivalency transition metal such as copper (Shariar and 
Hinoue, 2010) or copper complex (Shiddiky et al., 2006) has been employed for 
nitrate and nitrite ions detection.  Though metal has been widely explored as sensing 
material, but they could be easily suffered from corrosion which will lead to 
attenuation in their sensitivity.  Moreover, some of the transition metal are expensive  
 
 
Other than the simple Griess assay and metal sensing materials, some efforts 
have also been carried out to design and synthesize macromolecule complex for 
selective detection of nitrate and nitrite ions.  The complex molecule with suitable 
cavity shape and size has been designed for selective sensing of nitrate or nitrite ion.  
The complex sensing molecule seems to bring a promising material to detect nitrate 
or nitrite, but it involves extensive and complex synthesis protocol (Işıklan et al., 
2011, Singh and Sun, 2012, Strianese et al., 2013, Whittington et al., 2012).  
Therefore, a more environmental friendly material with less complex synthesis 
method such as biomolecule has also been developed for nitrate or nitrite ion 
detection (Adeloju and Sohail, 2011, Almeida et al., 2010, Ho et al., 2009, Quan et 
al., 2005).  Inspired by the natural detection in the environment, the use of 
biomolecule can bring selective detection (Saleem, 2013).  For example, polypyrrole-
nitrate reductase-nicotinamide adenine dinucleotide (PPy-NaR-NADH) has been 
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used to convert nitrate to nitrite ion for sensitive detection of both nitrate and nitrite 
ions (Adeloju and Sohail, 2011).  The biomolecule normally is incorporated with 
polymer to improve the detection for nitrate or nitrite ion (Albanese et al., 2010, 
Cosnier et al., 2008, Madasamy et al., 2014, Plumeré, 2013, Wang et al., 2013b).  
Though this combination is expected to give sensitive yet selective detection, but this 
sensitive material still suffers from thermal instability and could be easily affected in 
the presence of heat and interference material, respectively.  
 
 
Another type of material, which is polymeric material, has been explored 
vastly due to its tunable properties and robustness.  There are varieties of organic 
scaffolds containing polymer that have been tested for their feasibilities to be used as 
sensing materials in anion recognition.  It has been reported that the nitrogen 
containing moieties showed rather good selectivity for anion binding.  For instance, 
the positively charged ammonium salts such as quaternized amines (Bianchi et al., 
1996, Hossain et al., 2003b, Sisson et al., 2003, Späth and König, 2010) and 
imidazolium cation (Chellappan et al., 2005) have found their application in anion 
binding.  Besides, the neutral species such as amide (Amendola et al., 2010, Chen et 
al., 2007, Choi and Hamilton, 2003, Hossain et al., 2003b, Hossain et al., 2003a, 
Kang et al., 2006, Kang et al., 2003, Qu et al., 2009, Singh and Sun, 2012), urea 
(Custelcean et al., 2008, Zhu et al., 2008), pyrrole (Aldakov and Anzenbacher, 2004, 
Sessler et al., 2003, Späth and König, 2010, Wu et al., 2006a, Yoon et al., 2008), and 
thioamide (Devaraj et al., 2009, Hossain et al., 2003a) also showed great affinity for 
anion binding.  Particular attention has been made on the use of amide moieties 
containing compound for anion recognition owing to its good selectivity and 
sensitivity.  In this study, amide moiety containing polyvinylpyrrolidone (PVP) was 
explored for its feasibility to be used as a fluorescence sensor.  
 
 
PVP is a long chain polymer consisting of tertiary amide functional group and 
vinylpyrrolidone monomer that makes up to different molecular weight polymer.  
PVP is a bio-compatible polymer which is soluble in many solvents such as water 
and other organic solvents.  From literature, PVP has been applied as sensor for 
glucose (Mano and Heller, 2005), acyclovir (Wang et al., 2013a), alcohol (Lee et al., 
2011), hydrazine (Li and Wang, 1997), ascorbic acid (Han et al., 2010), gold 
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nanoparticle (Behera and Ram, 2012), hydrogen (He et al., 2010), and humidity 
(Zhang et al., 2010a).  It is worth noting that PVP contains electron lone pair in 
tertiary amide vinylpyrrolidone structure, and this structure makes PVP has 
remarkable luminescence property (Minh et al., 2013).  Though PVP shows great 
luminescence property, up to date PVP has never been reported as nitrate and nitrite 
sensor. 
 
 
On the other hand, graphene oxide (GO) possesses a large surface area with a 
great number of oxygenated functional groups, and fascinated electronic properties.  
Due to the distinct properties of GO, it has been used as electronic devices, energy 
storage, and sensor (Georgakilas et al., 2012, Gilje et al., 2007, Huang et al., 2011, 
Zhu et al., 2010).  Particularly in sensing application, GO has been used to quench 
the intensity of fluorescence material (Liu et al., 2011, Wang et al., 2009b) and has 
been applied as gas sensor (Schedin et al., 2007), pH sensor (Chen and Yan, 2011, 
Mohanty and Berry, 2008, Ohno et al., 2009), pressure sensor (Kazemzadeh et al., 
2015), and temperature sensor (Sahoo et al., 2012).   Incorporation or 
functionalization of polymeric material on GO is known to improve mechanical, 
thermal, electrical, and optical properties of GO (Du and Cheng, 2012).   The 
produced polymer-GO composite has been developed to improve the sensing 
performance in many aspects especially on the sensitivity and selectivity (Al-Mashat 
et al., 2010, Eswaraiah et al., 2012, Kundu et al., 2012, Wang et al., 2011, Zhang et 
al., 2014, Zhang et al., 2010a).  In this study, a novel PVP-GO composite was 
synthesized as a fluorescence sensor for nitrate and nitrite detection. 
   
 
Apart from the lack of sensitive material from the aspect of sensitivity and 
selectivity, the employed sensing technique also gives a different extent of sensitivity 
and selectivity in sensing performance.  The commonly used conventional techniques 
in detection of nitrate and nitrite ions include high performance liquid 
chromatography (HPLC), ion chromatography (IC) and Griess colorimetric assay.  
However, these techniques come with several shortcomings. In HPLC measurement, 
several tedious purification steps are required to eliminate the interfering such as 
chloride and biogenic amines (El Menyawi et al., 1998, Jobgen et al., 2007, Stratford 
et al., 1997).  While for the IC method, extensive maintenance and sample pre-
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treatment are needed prior to sample measurement (Blount and Valentin-Blasini, 
2006, Ito et al., 2005, Moorcroft et al., 2001, Stalikas et al., 2003).  In Griess assay, 
all the nitrate ions are converted to nitrite ion which later are transformed to colored 
azo dye, but this method lacks sensitivity (Badea et al., 2001).  Therefore, a sensitive 
and simple detection technique is still highly required.  In this study, fluorescence 
spectroscopy was applied as a sensitive and simple detection method for the nitrate 
and nitrite ions. 
 
 
With the great evolution of technology, computational study has been 
exploited in aiding researcher to predict the experimental results.  Vast simulation 
techniques have been developed to match with its purpose.  The selection of 
simulation technique would be based on the properties of interest.  The calculation 
for computational simulation was done by solving a bunch of mathematical equations, 
with Schrödinger equation as the basic for almost all calculation (Young, 2004).  
Particularly, the generally used technique to simulate the sensing condition is the 
density functional theory (DFT).  It is a calculation technique based on electron 
density which able to give superior accuracy when calculating the involved energy in 
a system (Ghosh et al., 2010, Ghosh et al., 2004, Jose et al., 2007).  Semi-empirical 
Parameterized Model number 3 (PM3) is another well-known technique with faster 
calculation that is good for geometry optimization (House, 2003).  Both techniques 
were employed in this study to support the experimental results. 
 
 
 
 
1.2 Statement of Problem  
 
 
Nitrate and nitrite ions are toxic and hazardous compounds to human.  
Furthermore, the simultaneous existence of both anions led to environmental 
pollution and yet there is still a lack of material which is good in both sensitivity and 
selectivity for both analytes.  Though there are some sensitive materials being 
proposed, there are still some limitations on those reported sensitive materials.  For 
instance, the Griess reagent consists of toxic compounds and produces toxic diamine 
products during the detection process (Griess, 1879, Guevara et al., 1998, Miranda et 
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al., 2001, Sastry et al., 2002, Senra-Ferreiro et al., 2010, Wang et al., 2016).  On the 
other hand, the macromolecule complex involves complicated synthesis procedures 
(Işıklan et al., 2011, Singh and Sun, 2012, Strianese et al., 2013, Whittington et al., 
2012) and biomolecules cannot stand with interference materials (Adeloju and Sohail, 
2011, Almeida et al., 2010, Ho et al., 2009, Quan et al., 2005).  The later means that 
the existing sensitive material still showed low selectivity for the detection of nitrate 
and nitrite ions in the presence of foreign ions.  Therefore, simple synthesis of 
sensitive materials that are non-toxic, environmentally safe, and having good 
selectivity is still highly required.  
 
 
In this study, three novel materials were proposed, which were PVP, GO, and 
PVP-GO composites that were prepared by a simple mixing method.  PVP has been 
reported to act as a good sensor for several organic compounds (Han et al., 2010, He 
et al., 2010, Lee et al., 2011, Li and Wang, 1997, Mano and Heller, 2005, Wang et 
al., 2013a), gold nanoparticle (Behera and Ram, 2012), and humidity (Zhang et al., 
2010a).  PVP has been also recognized to give fluorescence emission property when 
being illuminated by light energy (Thi et al., 2012).  On the other hand, GO has been 
employed as a sensor for organic materials (Chen and Yan, 2011, Mohanty and Berry, 
2008, Ohno et al., 2009, Schedin et al., 2007), pressure (Kazemzadeh et al., 2015), 
and temperature (Sahoo et al., 2012).  It is known that GO has fluorescence property 
which enabled it to be used as biosensor (Dong et al., 2010, Jung et al., 2010, Loh et 
al., 2010).  Despite these, PVP and GO materials have never been reported yet as 
fluorescence sensors for nitrate and nitrite detection.  Since these PVP and GO 
materials are highly potential as fluorescence sensors for nitrate and nitrite detection, 
the important sensing sites for high sensitivity and selectivity towards nitrate and 
nitrite ions need to be clarified.  In order to improve the performance of these 
materials, a novel composite of PVP-GO was also synthesized by a simple mixing 
method.  
 
 
Even though the development of novel materials with high sensitivity and 
selectivity has been investigated, the important factors determining the sensitivity 
and selectivity of the sensor materials are sometimes neglected.  Yet, the sensing 
process when the analyte presents have not yet been clearly understood.  This 
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limitation can be overcome with the aid of computational simulation.  In recent years, 
the fast development in computer software has aided researchers to visualize the 
molecule in multi-aspects via state of art of computational program.  This includes 
the geometry of molecule, molecular bonding, interaction energy, or binding energy 
of a design system (Adejoro et al., 2012, Adejoro et al., 2013, Ghosh et al., 2004, 
Ghosh et al., 2010, House, 2003, Mohammed, 2014, Momany et al., 2005, Odiaka et 
al., 2012).  Numerous programs have been designed with different theories to aid 
researchers to gain better understanding on their experimental works.  In current 
work, two simulation methods, namely semi empirical and density functional theory 
(DFT) methods were used to configure the molecular geometry with the lowest 
energy.  Moreover, the interaction between the sensing sites and the analytes was 
also investigated computationally by calculating the binding energy and interatomic 
distance between the sensing sites and the analytes. 
 
 
 
 
1.3 Objectives 
 
 
There are several objectives in this current study as stated below.   
 
 
(a) To prepare and characterize PVP, GO, and PVP-GO composites as novel 
fluorescence sensors. 
(b) To examine the sensitivity ad selectivity of the PVP, GO, and PVP-GO 
composites for detection of nitrate and nitrite ions. 
(c) To investigate the interaction between the sensitive materials and the analytes 
by computational simulation. 
 
 
 
 
 
 
 
 
 
1.4 Scope of Study 
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 This research can be divided into three parts.  The first part discussed about 
the preparation, characterizations, and performance of PVP as also supported by 
computational study.  The PVP was prepared by dilution method, where the 
concentration was fixed at 1, 3, 5, 7, and 10%.  The characterizations were carried 
out by Fourier transform infra red (FTIR), X-ray diffraction (XRD), transmission 
electron microscopy (TEM), thermogravimetric analysis (TGA), and fluorescence 
spectroscopy.  The performance of PVP was evaluated via sensitivity and selectivity 
tests by fluorescence spectroscopy.  The excitation wavelengths were fixed at 285 
and 330 nm, while emission wavelength was monitored at 408 and 410 nm.  
Sensitivity tests were carried out on all PVP samples by evaluating the quenching 
study in the presence of nitrate (0-100 mM) and nitrite (0-100 mM) ions.  Selectivity 
tests were carried out only on the best sample, which was 7% PVP, in the presence of 
Na2SO4, NaHCO3, NaCl, or NaOH foreign ions.  For selectivity tests, the 
concentration for nitrate and nitrite was fixed at 100 mM and 10 mM, respectively.  
Gaussian 09 program was used for computational simulation study. B3LYP/6-
311G(d,p) level of theory was implemented to calculate the binding energy between 
the PVP and nitrate or nitrite ions with water induced polarizable continuum model 
(PCM).  
 
 
In the second part, GO was used as sensitive material for nitrate and nitrite 
ion detection.  Overall, the preparation, characterization, and performance of GO 
were discussed, supported by computational simulation.  GO was synthesized using 
an improved Hummers’ method and further ground to get GO fine powder.  The 
properties of GO were studied using FTIR, XRD, TEM, TGA, and fluorescence 
spectroscopy.  The sensing performance of GO was examined from two aspects, 
sensitivity and selectivity, using fluorescence spectroscopy.  GO was excited at 
wavelengths of 367 nm, and its emission was monitored at 567 nm.  The sensitivity 
tests were evaluated from quenching study in the presence of nitrate or nitrite ion at 
0-100 mM.  On the other hand, the selectivity tests were conducted in the presence of 
Na2SO4, NaHCO3, NaCl, or NaOH foreign ions.  For the selectivity of GO to nitrate, 
the concentration of nitrate and foreign ion were fixed at 100 mM while for nitrite 
selectivity test, the concentration of nitrite and foreign ion were fixed at 10 mM.  
9 
 
 
Further support from computational simulation was carried out using Gaussian 09 
program. B3LYP/6-311G(d,p) level of theory was implemented to calculate the 
binding energy between the GO and nitrate or nitrite ions with PCM.  
 
 
In the third part, the PVP-GO composites were prepared for nitrate and nitrite 
ion detection.  The composites were prepared by simple mixing between 100 mL 7% 
PVP and various mass of GO, where the weight per volume percent of the 
composites was fixed at 0.0075, 0.01, 0.02, and 0.03%.  The prepared composites 
were further put under sonication for 30 min.  In this context, the preparation, 
characterizations, and sensing performance of PVP-GO were discussed, with support 
from computational simulation.  The properties of the PVP-GO were studied using 
FTIR, XRD, TEM, TGA, and fluorescence spectroscopy.  The sensing performance 
of PVP-GO to analyte ion was examined from sensitivity and selectivity via 
fluorescence spectroscopy.  The excitation wavelengths were set at 285 and 330 nm, 
whereas the emission wavelengths were monitored at 408 and 410 nm respectively.  
The sensitivity of PVP-GO composites was interpreted from quenching study in the 
presence of nitrate or nitrite ion at concentration of 0-100 mM.  The selectivity tests 
were conducted in the presence of Na2SO4, NaHCO3, NaCl, or NaOH foreign ions.  
For the selectivity tests, the concentration of nitrate and foreign ions were fixed at 
100 mM, while for nitrite selectivity test, the concentration of nitrite and foreign ions 
were fixed at 10 mM.  The interaction site between PVP and GO was pre-optimized 
from PM3, and further optimized using Gaussian 09 program.  The interaction 
between PVP-GO and analyte was further computed using B3LYP/6-311G(d,p) level 
of theory via calculation of the binding energy with PCM. 
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Işıklan, M., Saeed, M. A., Pramanik, A., Wong, B. M., Fronczek, F. R. and Hossain, 
M. A. (2011). AC 3 Symmetric Nitrate Complex with a Thiophene-Based 
Tripodal Receptor. Crystal Growth Design, 11(4), 959-963. 
Ito, K., Takayama, Y., Makabe, N., Mitsui, R. and Hirokawa, T. (2005). Ion 
Chromatography for Determination of Nitrite and Nitrate in Seawater using 
Monolithic ODS Columns. Journal of Chromatography A, 1083(1), 63-67. 
Jablonski, A. E., Lang, A. J. and Vyazovkin, S. (2008). Isoconversional Kinetics of 
Degradation of Polyvinylpyrrolidone used as a Matrix for Ammonium Nitrate 
Stabilization. Thermochimica Acta, 474(1), 78-80. 
Jana, M., Saha, S., Khanra, P., Murmu, N. C., Srivastava, S. K., Kuila, T. and Lee, J. 
H. (2014). Bio-Reduction of Graphene Oxide using Drained Water from 
144 
 
 
 
Soaked Mung Beans (Phaseolus aureus L.) and its Application as Energy 
Storage Electrode Material. Materials Science and Engineering: B, 186, 33-
40. 
Jeffrey, G. A. and Jeffrey, G. A. (1997). An Introduction to Hydrogen Bonding. New 
York: Oxford University Press.  
Jia, X., Chen, D. and Jiang, M. (2006). Preparation of PEO-b-P2VPH
+
-S2O8
2-
 
Micelles in Water and Their Reversible UCST and Redox-Responsive 
Behavior. Chemical Communications, 16, 1736-1738. 
Jobgen, W. S., Jobgen, S. C., Li, H., Meininger, C. J. and Wu, G. (2007). Analysis of 
Nitrite and Nitrate in Biological Samples using High-Performance Liquid 
Chromatography. Journal of Chromatography B, 851(1), 71-82. 
Jose, D. A., Singh, A., Das, A. and Ganguly, B. (2007). A Density Functional Study 
towards the Preferential Binding of Anions to Urea and Thiourea. 
Tetrahedron Letters, 48(21), 3695-3698. 
Joshi, K. V., Joshi, B. K., Harikrishnan, U., Patel, M. B. and Menon, S. K. (2013). 
Polyvinyl Pyrrolidone Modified ZnS Nanoparticles as a Highly Selective and 
Sensitive Nanosensor for the Iodide Ion. Analytical Methods, 5(19), 4973-
4977. 
Jung, J. H., Cheon, D. S., Liu, F., Lee, K. B. and Seo, T. S. (2010). A Graphene 
Oxide Based Immuno-Biosensor for Pathogen Detection. Angewandte 
Chemie International Edition, 49(33), 5708-5711. 
Kakaei, K. and Hasanpour, K. (2014). Synthesis of Graphene Oxide Nanosheets by 
Electrochemical Exfoliation of Graphite in Cetyltrimethylammonium 
Bromide and its Application for Oxygen Reduction. Journal of Materials 
Chemistry A, 2(37), 15428-15436. 
Kalaitzidou, K., Fukushima, H. and Drzal, L. T. (2007). A New Compounding 
Method for Exfoliated Graphite-Polypropylene Nanocomposites with 
Enhanced Flexural Properties and Lower Percolation Threshold. Composites 
Science and Technology, 67(10), 2045-2051. 
145 
 
 
 
Kang, S. O., Begum, R. A. and Bowman-James, K. (2006). Amide-Based Ligands 
for Anion Coordination. Angewandte Chemie International Edition. , 45(47), 
7882-7894. 
Kang, S. O., Llinares, J. M., Powell, D., VanderVelde, D. and Bowman-James, K. 
(2003). New Polyamide Cryptand for Anion Binding. Journal of the 
American Chemical Society, 125(34), 10152-10153. 
Kavallieratos, K., Bertao, C. M. and Crabtree, R. H. (1999). Hydrogen Bonding in 
Anion Recognition:  A Family of Versatile, Nonpreorganized Neutral and 
Acyclic Receptors. The Journal of Organic  Chemistry, 64(5), 1675-1683. 
Kawski, A. (2002). On the Estimation of Excited-State Dipole Moments from 
Solvatochromic Shifts of Absorption and Fluorescence Spectra. Zeitschrift für 
Naturforschung A, 57(5), 255-262. 
Kazemzadeh, R., Andersen, K., Motha, L. and Kim, W. S. (2015). Highly Sensitive 
Pressure Sensor Array With Photothermally Reduced Graphene Oxide. IEEE 
Electron Device Letters, 36(2), 180-182. 
Khan, I., Ullah, H. and Imran, M. (2007). Nitrate and Phosphate Pollution in Surface 
and Ground Water in Western Malaysia. Journal of the Chemcial Society of 
Pakistan, 29(4), 315-320. 
Khanna, P., Gokhale, R. and Subbarao, V. (2004). Poly(Vinyl Pyrolidone) Coated 
Silver Nano Powder via Displacement Reaction. Journal of Materials Science, 
39(11), 3773-3776. 
Kim, J., Cote, L. J., Kim, F. and Huang, J. (2009). Visualizing Graphene Based 
Sheets by Fluorescence Quenching Microscopy. Journal of the American 
Chemical Society, 132(1), 260-267. 
Koo, C. M., Ham, H. T., Choi, M. H., Kim, S. O. and Chung, I. J. (2003). 
Characteristics of Polyvinylpyrrolidone-Layered Silicate Nanocomposites 
Prepared by Attrition Ball Milling. Polymer, 44(3), 681-689. 
Korotcenkov, G. (Ed.). (2011). Chemical Sensors: Fundamentals of Sensing 
Materials, Volume 3: Polymers and Other Materials. New York: Momentum 
Press. 
146 
 
 
 
Kundu, A., Layek, R. K., Kuila, A. and Nandi, A. K. (2012). Highly Fluorescent 
Graphene Oxide-Poly(Vinyl Alcohol) Hybrid: An Effective Material for 
Specific Au
3+
 Ion Sensors. American Chemical Society Applied Materials & 
Interfaces, 4(10), 5576-5582. 
Kuswandi, B., Verboom, W. and Reinhoudt, D. N. (2006). Tripodal Receptors for 
Cation and Anion Sensors. Sensors, 6(8), 978-1017. 
Kyrtopoulos, S. (1988). N-Nitroso Compound Formation in Human Gastric Juice. 
Cancer Surveys, 8(2), 423-442. 
Lakowicz, J. R. (2008). Principles of Fluorescence Spectroscopy (3
rd
 ed).  U.S.A.: 
Springer.  
Latif, I; Alwan, Taghreed B; Al-Dujaili, Ammar H. (2012) Low frenquency 
Dieelctric Study of PAPA-PVA-GR nanocomposites. Nanoscience and 
Nonatechnology, 2(6), 190-200.  
Lee, J.-H., Kim, S. K. and Kim, N. H. (2006). Effects of the Addition of Multi-
Walled Carbon Nanotubes on the Positive Temperature Coefficient 
Characteristics of Carbon-Black-Filled High-Density Polyethylene 
Nanocomposites. Scripta Materialia, 55(12), 1119-1122. 
Lee, S. N., Poudel, B. K., Tran, T. H., Marasini, N., Pradhan, R., Im Lee, Y., Lee, D. 
W., Woo, J. S., Choi, H.-G. and Yong, C. S. (2013). A Novel Surface-
Attached Carvedilol Solid Dispersion with Enhanced Solubility and 
Dissolution. Archives of Pharmacal Research, 36(1), 79-85. 
Lee, Y.-W., Han, S.-B., Kim, D.-Y. and Park, K.-W. (2011). Monodispersed 
Platinum Nanocubes for Enhanced Electrocatalytic Properties in Alcohol 
Electrooxidation. Chemical Communications, 47(22), 6296-6298. 
Li, C., Numata, M., Takeuchi, M. and Shinkai, S. (2005). A Sensitive Colorimetric 
and Fluorescent Probe Based on a Polythiophene Derivative for the Detection 
of ATP. Angewandte Chemie, 117(39), 6529-6532. 
Li, J., Guo, S., Zhai, Y. and Wang, E. (2009). Nafion-Graphene Nanocomposite Film 
as Enhanced Sensing Platform for Ultrasensitive Determination of Cadmium. 
Electrochemistry Communications, 11(5), 1085-1088. 
147 
 
 
 
Li, T. and Wang, E. (1997). Electrocatalytic Oxidation and Flow Amperometric 
Detection of Hydrazine at an Electropolymerized 4-Vinylpyridine/Palladium 
Film Electrode. Electroanalysis, 9(15), 1205-1208. 
Lijinsky, W., Conrad, E. and Van de Bogart, R. (1972). Carcinogenic Nitrosamines 
Formed by Drug/Nitrite Interactions. Nature. 239, 165-167. 
Liu, H., Gao, J., Xue, M., Zhu, N., Zhang, M. and Cao, T. (2009). Processing of 
Graphene for Electrochemical Application: Noncovalently Functionalize 
Graphene Sheets with Water-Soluble Electroactive Methylene Green. 
Langmuir, 25(20), 12006-12010. 
Liu, H., Yang, G., Abdel-Halim, E. and Zhu, J.-J. (2013). Highly Selective and 
Ultrasensitive Detection of Nitrite Based on Fluorescent Gold Nanoclusters. 
Talanta, 104, 135-139. 
Liu, K., Zhang, J., Yang, G., Wang, C. and Zhu, J.-J. (2010). Direct Electrochemistry 
and Electrocatalysis of Hemoglobin Based on 
Poly(Diallyldimethylammonium Chloride) Functionalized Graphene 
Sheets/Room Temperature Ionic Liquid Composite Film. Electrochemistry 
Communications, 12(3), 402-405. 
Liu, Q., Zhu, X., Huo, Z., He, X., Liang, Y. and Xu, M. (2012). Electrochemical 
Detection of Dopamine in the Presence of Ascorbic Acid using 
PVP/Graphene Modified Electrodes. Talanta, 97, 557-562. 
Liu, Y., Liu, C.-Y. and Liu, Y. (2011). Investigation on Fluorescence Quenching of 
Dyes by Graphite Oxide and Graphene. Applied Surface Science, 257(13), 
5513-5518. 
Liu, Y., Mills, R. C., Boncella, J. M. and Schanze, K. S. (2001). Fluorescent 
Polyacetylene Thin Film Sensor for Nitroaromatics. Langmuir, 17(24), 7452-
7455. 
Loh, K. P., Bao, Q., Eda, G.and Chhowalla, M. (2010). Graphene Oxide as a 
Chemically Tunable Platform for Optical Applications. Nature Chemistry, 
2(12), 1015-1024. 
148 
 
 
 
Lu, C. H., Yang, H. H., Zhu, C. L., Chen, X. and Chen, G. N. (2009). A Graphene 
Platform for Sensing Biomolecules. Angewandte Chemie, 121(26), 4879-
4881. 
Madasamy, T., Pandiaraj, M., Balamurugan, M., Bhargava, K., Sethy, N. K. and 
Karunakaran, C. (2014). Copper, Zinc Superoxide Dismutase and Nitrate 
Reductase Coimmobilized Bienzymatic Biosensor for the Simultaneous 
Determination of Nitrite and Nitrate. Biosensors  and Bioelectronics, 52, 209-
215. 
Malik, A. H., Hussain, S., Kalita, A. and Iyer, P. K. (2015). Conjugated Polymer 
Nanoparticles for the Amplified Detection of Nitro-Explosive Picric Acid on 
Multiple Platforms. American Chemical Society Applied Materials & 
Interfaces, 7(48), 26968-26976. 
Manea, F., Remes, A., Radovan, C., Pode, R., Picken, S., & Schoonman, J. (2010). 
Simultaneous Electrochemical Determination of Nitrate and Nitrite in 
Aqueous Solution using Ag-Doped Zeolite-Expanded Graphite-Epoxy 
Electrode. Talanta, 83(1), 66-71. 
Mano, N. and Heller, A. (2005). Detection of Glucose at 2 fM Concentration. 
Analytical Chemistry, 77(2), 729-732. 
Marcano, D. C., Kosynkin, D. V., Berlin, J. M., Sinitskii, A., Sun, Z., Slesarev, A., 
Alemany, L. B., Lu, W. and Tour, J. M. (2010). Improved Synthesis of 
Graphene Oxide. American Chemical Society Nano, 4(8), 4806-4814. 
Maréchal, Y. (2006). The Hydrogen Bond and The Water Molecule: The Physics and 
Chemistry of Water, Aqueous and Bio-Media. The Netherlands: Elsevier. 
Martínez-Máñez, R., Sancenón, F., Belén Descalzo, A. and Rurack, K. (2009). 
Supramolecular Hybrid Materials- Integrating Functionality with Sensing. 
Macromolecules Containing Metal and Metal-Like Elements. Germany: John 
Wiley & Sons, Inc. 
McQuade, D. T., Hegedus, A. H. and Swager, T. M. (2000a). Signal Amplification 
of a “Turn-On” Sensor:  Harvesting the Light Captured by a Conjugated 
Polymer. Journal of the American Chemical Society, 122(49), 12389-12390. 
149 
 
 
 
McQuade, D. T., Pullen, A. E. and Swager, T. M. (2000b). Conjugated Polymer-
Based Chemical Sensors. Chemical Reviews, 100(7), 2537-2574. 
Miranda, K. M., Espey, M. G. and Wink, D. A. (2001). A Rapid, Simple 
Spectrophotometric Method for Simultaneous Detection of Nitrate and Nitrite. 
Nitric Oxide, 5(1), 62-71. 
Mohammed, W. M. (2014). B3LYP/DFT Calculations of C5OH5 and C4O2H4 
Molecules. Advances in Physics Theories and Applications.  28, 22-27. 
Mohanty, N. and Berry, V. (2008). Graphene-Based Single-Bacterium Resolution 
Biodevice and DNA Transistor: Interfacing Graphene Derivatives with 
Nanoscale and Microscale Biocomponents. Nano Letters, 8(12), 4469-4476. 
Momany, F. A., Appell, M., Willett, J. L. and Bosma, W. B. (2005). B3LYP/6-
311++G** Geometry-Optimization Study of Pentahydrates of α- and β-d-
Glucopyranose. Carbohydrate Research, 340(9), 1638-1655. 
Moorcroft, M. J., Davis, J. and Compton, R. G. (2001). Detection and Determination 
of Nitrate and Nitrite: A Review. Talanta, 54(5), 785-803. 
Moshage, H., Kok, B., Huizenga, J. R. and Jansen, P. (1995). Nitrite and Nitrate 
Determinations in Plasma: A Critical Evaluation. Clinical Chemistry, 41(6), 
892-896. 
Nabid, M. R., Sedghi, R., Sharifi, R., Oskooie, H. A. and Heravi, M. M. (2013). 
Removal of Toxic Nitrate Ions from Drinking Water using Conducting 
Polymer/MWCNTs Nanocomposites. Iranian Polymer Journal, 22(2), 85-92. 
Namasivayam, C. and Sangeetha, D. (2005). Removal and Recovery of Nitrate from 
Water by ZnCl2 Activated Carbon from Coconut Coir Pith, an Agricultural 
Solid Waste. Indian Journal of Chemical Technology, 12(5), 513-521. 
Nasouri, K., Shoushtari, A. M. and Mojtahedi, M. R. M. (2015). Thermodynamic 
Studies on Polyvinylpyrrolidone Solution Systems Used for Fabrication of 
Electrospun Nanostructures: Effects of the Solvent. Advances in Polymer 
Technology, 34(3), 21495. 
150 
 
 
 
Niyogi, S., Bekyarova, E., Itkis, M. E., McWilliams, J. L., Hamon, M. A. and 
Haddon, R. C. (2006). Solution Properties of Graphite and Graphene. Journal 
of the American Chemical Society, 128(24), 7720-7721. 
Odiaka, T., Adejoro, I. and Akinyele, O. (2012). Semi-Empirical (PM3) Studies of 
Novel Aminopyridino-1-4-η-Cyclohexa-1, 3-Diene Iron Tricarbonyl 
Ccomplexes. American Journal of Scientific and Industrial Research, 3(1), 1-
13. 
Ohno, Y., Maehashi, K., Yamashiro, Y. and Matsumoto, K. (2009). Electrolyte-
Gated Graphene Field-Effect Transistors for Detecting pH and Protein 
Adsorption. Nano Letters, 9(9), 3318-3322. 
PARR, R. G. (1980). Density Functional Theory of Atoms and Molecules. 
Netherlands: Springer. 
Pimentel, G. C. and McClellan, A. L. (1960). The Hydrogen Bond. San Francisco: 
WH Freeman. 
Plumeré, N. (2013). Interferences from Oxygen Reduction Reactions in 
Bioelectroanalytical Measurements: The Case Study of Nitrate and Nitrite 
Biosensors. Analytical and Bioanalytical Chemistry, 405(11), 3731-3738. 
Qu, Y., Hua, J., Jiang, Y. and Tian, H. (2009). Novel Side-Chain Naphthalimide 
Polyphenylacetylene as a Ratiometric Fluorescent Chemosensor for Fluoride 
Ion. Journal of Polymer Science Part A: Polymer Chemistry, 47(6), 1544-
1552. 
Quan, D., Shim, J. H., Kim, J. D., Park, H. S., Cha, G. S. and Nam, H. (2005). 
Electrochemical Determination of Nitrate with Nitrate Reductase-
Immobilized Electrodes Under Ambient Air. Analytical chemistry, 77(14), 
4467-4473. 
Raghuvanshi, S. K., Raghuvanshi, S.K., Srivastava, A.K., Srivastava, A.K., Wahab, 
M.A. and Wahab, M.A. (2015). Structural, Morphological and Optical 
Properties of Silver Doped Polyvinylpyrrolidone Composites. Indian Journal 
of Pure & Applied Physics (IJPAP), 52(3), 192-197. 
151 
 
 
 
Rangel-Vázquez, N. A. and Félix, F. R. (2014). Computational Chemistry Applied in 
the Analyses of Chitosan/Polyvinylpyrrolidone/Mimosa Tenuiflora (1
st
 ed). 
India: Science Publishing Group. 
Rawat, A., Mahavar, H., Tanwar, A. and Singh, P. (2014). Study of Electrical 
Properties of Polyvinylpyrrolidone/Polyacrylamide Blend Thin Films. 
Bulletin of Materials Science, 37(2), 273-279. 
Razzak, M. T., Dewi, S., Lely, H. and Taty, E. (1999). The Characterization of 
Dressing Component Materials and Radiation Formation of PVA–PVP 
Hydrogel. Radiation Physics and Chemistry, 55(2), 153-165. 
Ren, W., Fang, Y. and Wang, E. (2011). A Binary Functional Substrate for 
Enrichment and Ultrasensitive SERS Spectroscopic Detection of Folic Acid 
using Graphene Oxide/Ag Nanoparticle Hybrids. American Chemical Society 
Nano, 5(8), 6425-6433. 
Ren, W., Mura, S. and Irudayaraj, J. M. (2015). Modified Graphene Oxide Sensors 
for Ultra-Sensitive Detection of Nitrate Ions in Water. Talanta, 143, 234-239. 
Rochat, S. and Swager, T. M. (2013). Conjugated Amplifying Polymers for Optical 
Sensing Applications. American Chemical Society Applied Materials & 
Interfaces, 5(11), 4488-4502. 
Rose, A., Zhu, Z., Madigan, C. F., Swager, T. M. and Bulović, V. (2005). Sensitivity 
Gains in Chemosensing by Lasing Action in Organic Polymers. Nature, 
434(7035), 876-879. 
Rostami, A. and Taylor, M. S. (2012). Polymers for Anion Recognition and Sensing. 
Macromolecular Rapid Communications, 33(1), 21-34. 
Sahoo, S., Barik, S. K., Sharma, G., Khurana, G., Scott, J. and Katiyar, R. S. (2012). 
Reduced Graphene Oxide as Ultra-Fast Temperature Sensor. 
arXiv:1204.1928. 
Saleem, M. (2013). Biosensors a Promising Future in Measurements. 1
st
 
International Conference on Sensing for Industry, Control, Communications, 
& Security, Technologies. 24-26 June. Karachi, Pakistan, 012012. 
152 
 
 
 
Saleh, T. A. (2013). The Role of Carbon Nanotubes in Enhancement of 
Photocatalysis. S. Suzuki. Syntheses And Applications Of Carbon Nanotubes 
And Their Composites (479-493). Japan: InTech. 
Saravanan, L., Diwakar, S., Mohankumar, R., Pandurangan, A. and Jayavel, R. 
(2011). Synthesis, Structural and Optical Properties, of PVP Encapsulated, 
CdS Nanoparticles. Nanomaterials and Nanotechnology, 1(2), 42-48. 
Sastry, K. V. H., Moudgal, R. P., Mohan, J., Tyagi, J. S. and Rao, G. S. (2002). 
Spectrophotometric Determination of Serum Nitrite and Nitrate by Copper–
Cadmium Alloy. Analytical Biochemistry, 306(1), 79-82. 
Saxena, A., Fujiki, M., Rai, R. and Kwak, G. (2005). Fluoroalkylated Polysilane 
Film as a Chemosensor for Explosive Nitroaromatic Compounds. Chemistry 
of materials, 17(8), 2181-2185. 
Schedin, F., Geim, A., Morozov, S., Hill, E., Blake, P., Katsnelson, M. and 
Novoselov, K. (2007). Detection of Individual Gas Molecules Adsorbed on 
Graphene. Nature materials, 6(9), 652-655. 
Senra-Ferreiro, S., Pena-Pereira, F., Lavilla, I. and Bendicho, C. (2010). Griess 
Micro-Assay for the Determination of Nitrite by Combining Fibre Optics-
Based Cuvetteless UV–Vis Micro-Spectrophotometry with Liquid-Phase 
Microextraction. Analytica Chimica Acta, 668(2), 195-200. 
Sessler, J. L., Camiolo, S. and Gale, P. A. (2003). Pyrrolic and Polypyrrolic Anion 
Binding Agents. Coordination Chemistry Reviews, 240(1), 17-55. 
Park, S.-M., Huh, Y. S., Craighead, H. G. and Erickson, D. (2009). A Method for 
Nanofluidic Device Prototyping using Elastomeric Collapse. Proceedings of 
the National Academy of Sciences, 106(37), 15549-15554. 
Shahriary, L. and Athawale, A. A. (2014). Graphene Oxide Synthesized by using 
Modified Hummers Approach. International Journal of Renewable Energy 
and Environmental Engineerning, 2(1), 58-63. 
Shamsuddin, A. S., Ismail, S. N. S., Abidin, E. Z., Bin, H. Y. and Juahir, H. (2016). 
Contamination of Nitrate in Groundwater and Evaluation of Health Risk in 
153 
 
 
 
Bachok, Kelantan: A Cross-Sectional Study. American Journal of Applied 
Sciences, 13(1), 80-90. 
Shao, Y., Wang, J., Engelhard, M., Wang, C. and Lin, Y. (2010a). Facile and 
Controllable Electrochemical Reduction of Graphene Oxide and its 
Applications. Journal of Materials Chemistry, 20(4), 743-748. 
Shao, Y., Wang, J., Wu, H., Liu, J., Aksay, I. A. and Lin, Y. (2010b). Graphene 
Based Electrochemical Sensors and Biosensors: A Review. Electroanalysis, 
22(10), 1027-1036. 
Shariar, S. M., & Hinoue, T. (2010). Simultaneous Voltammetric Determination of 
Nitrate and Nitrite Ions using a Copper Electrode Pretreated by Dissolution 
Redeposition.Analytical Sciences. 26(11), 1173-1179. 
Sheth, G. N. (1991). Studies of the Interaction of Polyvinyl Pyrrolidone with 
Reduced Vat Dyes using Sisible Spectroscopy. Spectrochimica Acta Part A: 
Molecular Spectroscopy, 47(1), 63-68. 
Shiddiky, M. J., Won, M. S., & Shim, Y. B. (2006). Simultaneous Analysis of 
Nitrate and Nitrite in a Microfluidic Device with a Cu‐Complex‐Modified 
Electrode. Electrophoresis,27(22), 4545-4554. 
Shi, X., Gu, W., Peng, W., Li, B., Chen, N., Zhao, K. and Xian, Y. (2014). Sensitive 
Pb
2+
 Probe Based on the Fluorescence Quenching by Graphene Oxide and 
Enhancement of the Leaching of Gold Nanoparticles. American Chemical 
Society  Applied Materials & Interfaces, 6(4), 2568-2575. 
Shin, Y.-R., Jung, S.-M., Jeon, I.-Y. and Baek, J.-B. (2013). The Oxidation 
Mechanism of Highly Ordered Pyrolytic Graphite in a Nitric Acid/Sulfuric 
Acid Mixture. Carbon, 52, 493-498. 
Silberberg, M. S., Duran, R., Haas, C. G. and Norman, A. D. (2006). Chemistry: The 
Molecular Nature of Matter and Change.  New York: McGraw-Hill. 
Singh, A. S. and Sun, S.-S. (2012). Recognition, Encapsulation, and Selective 
Fluorescence Sensing of Nitrate Anion by Neutral C3-Symmetric Tripodal 
154 
 
 
 
Podands Bearing Amide Functionality. The Journal of Organic Chemistry, 
77(4), 1880-1890. 
Sisson, A. L., Clare, J. P., Taylor, L. H., Charmant, J. P. H. and Davis, A. P. (2003). 
Perturbing the Hofmeister Series: A Steroid-Based Anion Receptor with 
Preorganised Quaternary Ammonium and H-Bond Donor Groups. Chemical 
Communications, 17, 2246-2247. 
Smil, V. (1997). Global Population and the Nitrogen Cycle. Scientific American, 
277(1), 76-81. 
Sohn, H., Sailor, M. J., Magde, D. and Trogler, W. C. (2003). Detection of 
Nitroaromatic Explosives Based on Photoluminescent Polymers Containing 
Metalloles. Journal of the American Chemical Society, 125(13), 3821-3830. 
Späth, A. and König, B. (2010). Molecular Recognition of Organic Ammonium Ions 
in Solution using Synthetic Receptors. Beilstein Journal of Organic 
Chemistry, 6(1), 32. 
Stalikas, C. D., Konidari, C. N. and Nanos, C. G. (2003). Ion Chromatographic 
Method for the Simultaneous Determination of Nitrite and Nitrate by Post-
Column Indirect Fluorescence Detection. Journal of Chromatography A, 
1002(1), 237-241. 
Staudenmaier, L. (1898). Verfahren Zur Darstellung Der Graphitsäure. Berichte Der 
Deutschen Chemischen Gesellschaft, 31(2), 1481-1487. 
Stratford, M. R. L., Dennis, M. F., Cochrane, R., Parkins, C. S. and Everett, S. A. 
(1997). The Role of Nitric Oxide in Cancer Improved Methods for 
Measurement of Nitrite and Nitrate by High-Performance Ion 
Chromatography. Journal of Chromatography A, 770(1), 151-155. 
Strianese, M., Milione, S., Bertolasi, V. and Pellecchia, C. (2013). Iron and 
Manganese Pyridoxal-Based Complexes as Fluorescent Probes for Nitrite and 
Nitrate Anions in Aqueous Solution. Inorganic Chemistry., 52(20), 11778-
11786. 
155 
 
 
 
Sun, J., Zhang, X., Broderick, M. and Fein, H. (2003). Measurement of Nitric Oxide 
Production in Biological Systems by using Griess Reaction Assay. Sensors, 
3(8), 276-284. 
Swann, P. F. (1975). The Toxicology of Nitrate, Nitrite and N-Nitroso Compounds. 
Journal of the Science of Food and Agriculture, 26(11), 1761-1770. 
Tang, I. H., Hendrik, O. L. and Yuliati, L. (2016). Detection of Nitrite and Nitrate 
Ions in Water by Graphene Oxide as a Potential Fluorescence Sensor. IOP 
Conference Series: Materials Science and Engineering. 8-9 September, Solo, 
Indonesia, 012027. 
Tang, I. H., Hendrik, O. L. and Yuliati, L. (2016). Polyvinylpyrrolidone as a New 
Fluorescent Sensor for Nitrate Ion. 27th Regional Symposium of Malaysia 
Analytical Sciencesi, 9-10 December, Johor, Malaysia, 288-195. 
Thi, T. M., Tinh, L. V., Van, B. H., Ben, P. V. and Trung, V. Q. (2012). The Effect 
of Polyvinylpyrrolidone on the Optical Properties of the Ni-Doped ZnS 
Nanocrystalline Thin Films Synthesized by Chemical Method. Journal of 
Nanomaterials, 2012, 1-8. 
Tran Minh, T., Pham Van, B., Dang Van, T. and Nguyen Thi, H. (2013). The Optical 
Properties and Energy Transition Process in Nanocomposite of Polyvinyl-
Pyrrolidone Polymer and Mn-Doped ZnS. Optical and Quantum Electronics, 
45(2), 147-159. 
Trishna K. S (2012). Super Course in Chemistry for the IIT-JEE: Physical 
Chemistry. India: Pearson Education India  
Turner, D. R., Paterson, M. J. and Steed, J. W. (2006). A Conformationally Flexible, 
Urea-Based Tripodal Anion Receptor: Solid-State, Solution, and Theoretical 
Studies. The Journal of Organic Chemistry, 71(4), 1598-1608. 
Valeur, B. and Berberan-Santos, M. N. (2012). Molecular Fluorescence: Principles 
and Applications (2
nd
 ed). Weinheim, Germany: Wiley-VCH . 
Verdon, C. P., Burton, B. A. and Prior, R. L. (1995). Sample Pretreatment with 
Nitrate Reductase and Glucose-6-Phosphate Dehydrogenase Quantitatively 
Reduces Nitrate while Avoiding Interference by NADP
+
 when the Griess 
156 
 
 
 
Reaction is Used to Assay for Nitrite. Analytical Biochemistry, 224(2), 502-
508. 
Wang, C., Yang, S., Yi, M., Liu, C., Wang, Y., Li, J., Li, Y. and Yang, R. (2014). 
Graphene Oxide Assisted Fluorescent Chemodosimeter for High-
Performance Sensing and Bioimaging of Fluoride Ions. American Chemical 
Society Applied Materials & Interfaces, 6(12), 9768-9775. 
Wang, H., Hao, Q., Yang, X., Lu, L. and Wang, X. (2009a). Graphene Oxide Doped 
Polyaniline for Supercapacitors. Electrochemistry Communications, 11(6), 
1158-1161. 
Wang, H., Zhang, Q., Chu, X., Chen, T., Ge, J. and Yu, R. (2011). Graphene Oxide-
Peptide Conjugate as an Intracellular Protease Sensor for Caspase-3 
Activation Imaging in Live Cells. Angewandte Chemie International Edition, 
50(31), 7065-7069. 
Wang, P., Gan, T., Zhang, J., Luo, J. and Zhang, S. (2013a). Polyvinylpyrrolidone-
Enhanced Electrochemical Oxidation and Detection of Acyclovir. Journal of  
Molecular Liquids, 177, 129-132. 
Wang, S., Lin, K., Chen, N., Yuan, D. and Ma, J. (2016). Automated Determination 
of Nitrate plus Nitrite in Aqueous Samples with Flow Injection Analysis 
using Vanadium (III) Chloride as Reductant. Talanta, 146, 744-748. 
Wang, T., Schlueter, K. T., Riehl, B. L., Johnson, J. M. and Heineman, W. R. 
(2013b). Simplified Nitrate-Reductase-Based Nitrate Detection by a Hybrid 
Thin-Layer Controlled Potential Coulometry/Spectroscopy Technique. 
Analytical Chemistry, 85(20), 9486-9492. 
Wang, W.-P. and Pan, C.-Y. (2004). Preparation and Characterization of 
Polystyrene/Graphite Composite Prepared by Cationic Grafting 
Polymerization. Polymer, 45(12), 3987-3995. 
Wang, Y., Li, Y., Tang, L., Lu, J. and Li, J. (2009b). Application of Graphene-
Modified Electrode for Selective Detection of Dopamine. Electrochemistry 
Communications, 11(4), 889-892. 
157 
 
 
 
Wei, S., Lian, J. and Jiang, Q. (2009). Controlling Growth of ZnO Rods by 
Polyvinylpyrrolidone (PVP) and Their Optical Properties. Applied Surface 
Science, 255(15), 6978-6984. 
Whittington, C. L., Maza, W. A., Woodcock, H. L. and Larsen, R. W. (2012). 
Understanding Ion Sensing in Zn(II) Porphyrins: Spectroscopic and 
Computational Studies of Nitrite/Nitrate Binding. Inorganic Chemistry, 51(8), 
4756-4762. 
Schwarz, W. (1990). PVP: A Critical Review of the Kinetics and Toxicology of 
Polyvinylpyrrolidone (Povidon). U.S.A: CRC Press.  
Wu, C. Y., Chen, M. S., Lin, C. A., Lin, S. C. and Sun, S. S. (2006a). Photophysical 
Studies of Anion-Induced Colorimetric Response and Amplified 
Fluorescence Quenching in Dipyrrolylquinoxaline-Containing Conjugated 
Polymers. Chemistry - A European Journal, 12(8), 2263-2269. 
Wu, K., Shi, L., Zhang, W., An, Y., Zhang, X., Li, Z. and Zhu, X. (2006b). 
Thermoresponsiveness of Hybrid Micelles from Poly(Ethylene Glycol)-
Block-Poly (4-Vinylpyridium) Cations and SO4
2-
Anions in Aqueous 
Solutions. Langmuir, 22(4), 1474-1477. 
Wu, K., Shi, L., Zhang, W., An, Y., Zhu, X.-X., Zhang, X. and Li, Z. (2005). 
Formation of Hybrid Micelles between Poly(Ethylene Glycol)-Block-Poly(4-
Vinylpyridinium) Cations and Sulfate Anions in an Aqueous Milieu. Soft 
Matter, 1(6), 455-459. 
Yamaguchi, S., Jin, R.-Z. and Tamao, K. (1998). Modification of the Electronic 
Structure of Silole by the Substituents on the Ring Silicon. Journal of 
Organometallic Chemistry, 559(1), 73-80. 
Yang, J.-S. and Swager, T. M. (1998a). Fluorescent Porous Polymer Films as TNT 
Chemosensors:  Electronic and Structural Effects. Journal of American 
Chemical Society, 120(46), 11864-11873. 
Yang, J.-S. and Swager, T. M. (1998b). Porous Shape Persistent Fluorescent Polymer 
Films: An Approach to TNT Sensory Materials. Journal of the American 
Chemical Society, 120(21), 5321-5322. 
158 
 
 
 
Yang, X., Zhang, X., Liu, Z., Ma, Y., Huang, Y. and Chen, Y. (2008). High-
Efficiency Loading and Controlled Release of Doxorubicin Hydrochloride on 
Graphene Oxide. The Journal of Physical Chemistry C, 112(45), 17554-
17558. 
Yen, T. P. and Rohasliney, H. (2013). Status of Water Quality Subject to Sand 
Mining in the Kelantan River, Kelantan. Tropical Life Sciences Research, 
24(1), 19-34. 
Yoon, D.-W., Gross, D. E., Lynch, V. M., Sessler, J. L., Hay, B. P. and Lee, C.-H. 
(2008). Benzene-, Pyrrole-, and Furan-Containing Diametrically Strapped 
Calix[4]pyrroles - An Experimental and Theoretical Study of Hydrogen-
Bonding Effects in Chloride Anion Recognition. Angewandte Chemie 
International Edition, 47(27), 5038-5042. 
Young, D. (2001). Computational Chemistry: A Practical Guide for Applying 
Techniques to Real World Problems. New York: John Wiley & Sons. 
Yu, D.-G., Shen, X.-X., Branford-White, C., White, K., Zhu, L.-M. and Bligh, S. A. 
(2009). Oral Fast-Dissolving Drug Delivery Membranes Prepared from 
Electrospun Polyvinylpyrrolidone Ultrafine Fibers. Nanotechnology, 20(5), 
055104. 
YuQing, M., JianRong, C. and XiaoHua, W. (2004). Using Electropolymerized Non-
Conducting Polymers to Develop Enzyme Amperometric Biosensors. Trends 
in Biotechnology, 22(5), 227-231. 
Zhang, D., Tong, J. and Xia, B. (2014). Humidity-Sensing Properties of Chemically 
Reduced Graphene Oxide/Polymer Nanocomposite Film Sensor Based on 
Bayer-by-Layer Nano Self-Assembly. Sensors and Actuators B: Chemical, 
197, 66-72. 
Zhang, J., Shen, G., Wang, W., Zhou, X. and Guo, S. (2010a). Individual 
Nanocomposite Sheets of Chemically Reduced Graphene Oxide and Poly(N-
Vinyl Pyrrolidone): Preparation and Humidity Sensing Characteristics. 
Journal of Materials Chemistry, 20(48), 10824-10828. 
159 
 
 
 
Zhang, K., Zhang, L. L., Zhao, X. and Wu, J. (2010b). Graphene/Polyaniline 
Nanofiber Composites as Supercapacitor Electrodes. Chemistry of Materials, 
22(4), 1392-1401. 
Wang, Z. J., Zhou, X. Z., Zhang, J., Boey, F. and Zhang, H. (2009). Direct 
Electrochemical Reduction of Single-Layer Graphene Oxide and Subsequent 
Functionalization with Glucose Oxidase. The Journal of Physical Chemistry 
C, 113(32), 14071-14075. 
Zhou, G., Cheng, Y., Wang, L., Jing, X. and Wang, F. (2005). Novel Polyphenylenes 
Containing Phenol-Substituted Oxadiazole Moieties as Fluorescent 
Chemosensors for Fluoride Ion. Macromolecules, 38(6), 2148-2153. 
Zhu, L., Yang, C., Zhang, W. and Qin, J. (2008). Synthesis, Characterization and 
Photophysical Properties of Novel Fluorene-Based Copolymer with Pendent 
Urea Group: Fluorescent Response for Anions Through H-Bonding 
Interaction. Polymer, 49(1), 217-224. 
Zhu, Y., Murali, S., Cai, W., Li, X., Suk, J. W., Potts, J. R. and Ruoff, R. S. (2010). 
Graphene and Graphene Oxide: Synthesis, Properties, and Applications. 
Advanced Materials, 22(35), 3906-3924. 
